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Chitin  is one  of  the natural  biopolymer  found  abundantly  in  the  shells  of  crustaceans,  insects  and  in cell
walls  of fungi.  In this  study,  we  determined  the  effect  of  dietary  administration  of  0.5, 0.75  and  1%  chitin
on the  immune  response  and  disease  resistance  in freshwater  prawn,  challenged  against  Macrobrachium
rosenbergii  nodavirus  (MrNV)  and  extra  small  virus  (XSV).  We  observed  a  signiﬁcantly  enhanced  immune
response,  indicated  as higher  prophenoloxidase  activity  and  respiratory  burst  of  hemocytes,  in 0.75%
chitin-diet  fed  prawns  compared  to the  chitin-free-diet  fed  prawns.  Importantly,  the  relative  percenteywords:
hitin
rophenoloxidase
espiratory burst
elative percent survival
acrobrachium rosenbergii
survival  (RPS)  following  challenge  with white  muscle  disease  (WTD)  viruses  was found  relatively  high  in
M. rosenbergii  fed  with  diet  containing  0.75%  chitin  (63.16%),  suggesting  an increased  resistance  to  disease
susceptibility.  These  results  indicate  that  the incorporation  of  chitin  in  prawn  diet would be  beneﬁcial  in
stimulating  the  immune  response  and  thereby  developing  resistance  against  diseases.
©  2015  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND
hite tail disease
. Introduction
Among the crustaceans, Macrobrachium rosenbergii has found
ts importance in terms of its economic value and ease of cap-
ive farming. In India, annual production of M.  rosenbergii has been
ncreased over the years from 7140 t in 1999–2000 to 42820 t
n 2005–06, later declined to 6568 t in 2009–2010 (FAO, 2011).
he sharp decline in the production of M.  rosenbergii was mainly
ttributed to the emergence of a new disease namely, white tail dis-
ase (WTD) or white muscle disease (WMD)  (Sahul Hameed et al.,
004a,b). The sudden outbreak of diseases was ascribed to the rapid
xpansion of prawn farming, intensiﬁcation of culture, and fre-
uent translocation of seed and brood stock (New and Nair, 2012).
ence forth, this disease has become a serious concern to giant
reshwater prawn farming in India. The WTD  is mainly diagnosed
y the opaqueness of the abdominal muscle, degeneration of tel-
on and uropods, and 100% mortality within a span of 4 days (Sahul
ameed et al., 2004a,b; Vijayan et al., 2005). The ﬁrst case of WTD
as reported in Island of Guadeloupe in 1995, then in Martinique
French West Indies) (Arcier et al., 1999), Taiwan (Tung et al., 1999),
hina (Qian et al., 2003) and India (Sahul Hameed et al., 2004a,b).
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The etiology of WTD  in M. rosenbergii was initially reported as virus,
later it was identiﬁed that M.  rosenbergii nodavirus (MrNV) and
extra small virus (XSV) (Qian et al., 2003; Sahul Hameed et al.,
2004a,b; Bonami et al., 2005) were the main causative agents of
this disease.
The application of antibiotics in general to control diseases is
being commonly practiced in crustacean farming. However, the
overuse of antibiotics has made pathogens to develop resistance
against them and also the food safety measures adopted for the
human consumption have reduced or restricted their use in cul-
ture practices. In addition, antiviral agents are hardly available to
combat various aquatic viral diseases. Alternatively, immunostim-
ulants and probiotics are generally being suggested to use in feed
to control or prevent diseases in farming. Among these, immunos-
timulant supplementation in diet had shown to develop resistance
in ﬁsh and shrimp against diseases (Anderson, 1992; Song and
Huang, 1999). Several natural compounds, such as glucan, chi-
tosan, and other polysaccharides along with some herbs, have
been used as immunostimulants and studied their role in stim-
ulating immune response in various crustaceans, but are poorly
studied in freshwater prawns. In addition, our previous studies
show that the dietary administration of nucleotide and brewer’s
yeast enhances the immune response and disease resistance in M.
rosenbergii (Shankar et al., 2012; Parmar et al., 2012).
In some studies, chitin has been used as an immunostimulant
and was known to improve the disease resistance in Litopenaeus
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
cultur
v
i
a
i
t
f
m
i
K
a
c
g
F
f
p
M
n
a
d
d
M
2
2
H
1
s
s
d
2
0
i
f
f
e
i
t
u
p
c
l
a
p
(
l
w
l
2
t
u
T
i
m
p
s
t
aB.T.N. Kumar et al. / Aqua
annamei against Vibrio alginolyticus (Wang and Chen, 2005). Chitin
s made up of polysaccharides, linear -1,4-linked polymer of N-
cetyl-D-glucosamine, one of the most abundant polysaccharide
n nature and a general component of insects, exoskeleton of crus-
acean shells and fungal cell walls. It is commercially manufactured
rom the shrimp and crab shells. Among the aquatic organisms,
ost of the research on protective effect of chitin has been reported
n ﬁshes against bacterial and viral diseases (Sakai et al., 1992;
awakami et al., 1998; Gopalakannan and Arul, 2006; Vahedi
nd Ghodratizadeh, 2011). Additionally, we reported recently that
hitin supplementation in the diet had stimulating effect on the
rowth and survival of M.  rosenbergii (Naveen Kumar et al., 2013).
urther, to determine the effect of chitin on immunomodulation of
reshwater prawn, in this study we fed 0.5, 0.75, and 1% chitin incor-
orated diet to M.  rosenbergii for 90 days and challenged against
rNV and XSV viruses. We  found signiﬁcantly increased prophe-
oloxidase (proPO) activity, respiratory burst (RB) of hemocytes,
nd relative percent survival (RPS) in 0.75% chitin-supplemented
iet fed groups. Our data suggest that chitin incorporation in the
iet could enhance the immune response and disease resistance in
. rosenbergii.
. Material and methods
.1. Prawns
The larvae of M.  rosenbergii produced in the Freshwater Prawn
atchery at the College of Fisheries, Mangalore, India (Murthy,
998), were reared to postlarvae (PL) stage and then used in the
tudy. They were acclimatized to closed recirculatory system con-
isting of ﬁberglass tanks (66 cm dia., 120 l capacity) and fed with
ry pellet feed for a period of two weeks.
.2. Diet preparation
Four diets containing different levels of chitin at 0% (free), 0.5%,
.75% and 1% were formulated using square method with marinat-
ng protein level at 35%, and prepared according to a diet described
or M.  rosenbergii by Naveen Kumar et al., 2013. The chitin extracted
rom the shrimp shell was obtained from Central Institute of Fish-
ries Technology, Cochin, India. Brieﬂy, required quantities of feed
ngredients such as ﬁsh meal, ground nut oil cake, rice bran, and
apioca ﬂour were mixed together with water and hand kneaded
ntil a smooth dough resulted. It was cooked under steam in a
ressure cooker for 20–30 min. Each diet was  then cooked and
ooled at room temperature (RT) in an enamel tray and required
evels of chitin and vitamin–mineral premix were added, mixed
nd blended to get a homogeneous mixture. Next, this mixture was
assed through an extruder with a die, and the resulting pellets
2 mm dia.) were dried in a hot air oven at 60 ◦C till the moisture
evels were reduced to below 10%. After proper drying, the pellets
ere then packed in an air-tight high density polyethylene bags,
abeled and stored at 4 ◦C until use.
.3. Design of experiments
After the acclimation period, 12 (four treatment groups with
hree replicates) ﬁberglass tanks were stocked each with 30
niform-sized PL with an average initial weight of 0.20 ± 0.05 g.
anks received continuous aeration, and water was  replaced once
n two days to maintain the water quality throughout the treat-
ent period of 90 days. During the experimental period, the water
H ranged from 6.46 to 7.8, temperature from 26 to 28 ◦C, dis-
olved oxygen from 6.1 to 8.5 mg/l, free carbon dioxide from 0.15
o 3.73 mg/l, total alkalinity from 34.73 to 78.23 mg/l of CaCO3, and
mmonia-nitrogen from 0.01 to 4.93 g at N/l. Prawns were fede Reports 2 (2015) 34–38 35
their respective diets at a rate of 10% body weight twice daily for
the ﬁrst month and later reduced to 5% body weight. Prawns were
weighed biweekly, and the daily ration was  adjusted accordingly.
The uneaten food and faeces were siphoned out daily morning
before feeding.
2.4. Measurement of immune parameters
At the end of the feeding trial, ten prawns from each treatment
were randomly sampled for hemolymph collection. Hemolymph
(150 l) was withdrawn from the ventral sinus of each prawn with
a 1 ml  sterile insulin syringe (26 gauge) and placed in a pyrogen-
free microfuge tubes containing 150 l anti-coagulant solution
(0.03 M trisodium citrate, 0.34 M sodium chloride, and 0.01 M EDTA,
pH 7.5) This diluted hemolymph (hemolymph-anticoagulant mix)
was subsequently used to determine the proPO activity and RB of
hemocytes. The presence of proPO in hemolymph was  analyzed in
triplicates according to previously described protocol (Hose et al.,
1987). Brieﬂy, a drop of diluted hemolymph (50 l) was placed on
a sterile glass slide to make a thin layer of hemolymph smear and
ﬁxed with 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4
for 1 h at 4 ◦C. This hemolymph-smear was washed thrice, each for
15 min, in a phosphate buffer, incubated with 0.1% L-DOPA in phos-
phate buffer for 16–18 h at RT. The black-stained granular cells were
examined and counted under a light microscope and calculated the
percentage of proPO positive hemocytes.
The RB of hemocytes was analyzed using nitroblue tetrazolium
(NBT) reduction assay kit (Sigma–Aldrich, USA) according to the
manufacturer descriptions. Brieﬂy, a drop of hemolymph (50 l)
was placed on a sterile glass slide, smeared and incubated for
30 min  at RT on a damp paper. After gentle washing in phosphate
buffered saline (PBS), pH 7.5, 100 l of 0.2% NBT in PBS was  placed
on slides and dried for 30 min. Then stained with Wright’s stain
for 30 s and washed once with distilled water. Air dried the slides
and observed through oil immersion lens under light microscope.
The formazan-containing granular cells that are mostly in spheri-
cal shape, were considered as NBT-positive cells (activated) were
counted and the percentage of positive cells determined.
2.5. Viral inocula and challenge study
WTD  viral inocula were prepared according to the previously
established protocol (Sudhakaran et al., 2007). Brieﬂy, naturally
WTD  infected PL of M.  rosenbergii were collected from the prawn
hatcheries around Nellore, AP, India. The PL were washed once in
sterile water, placed in a 1.5 ml  sterile microfuge tubes, transported
on dry ice to the laboratory and stored at −40 ◦C until use. Five
frozen PL (weighing each approximately 0.2 g) were homogenized
in 1 ml  TN buffer (20 mMTris–HCl, 0.4 M NaCl, pH 7.4) using a sterile
microfuge tube homogenizer. The homogenate was centrifuged at
4000 g, 4 ◦C for 20 min, supernatant was  transferred to a fresh tube
and further centrifuged at 10000 g, 4 ◦C for 20 min. Again, the super-
natant was  collected, membrane ﬁltered (0.22 m)  and stored in
aliquots at −80 ◦C until use.
After 90 days of feeding trial, the challenge experiment was
conducted in triplicates by intramuscular (between second and
third abdominal segment) injection of 50 l WTD  inoculum to ten
randomly selected prawns from each treatment. The TN buffer
(50 l) injected prawns were served as unchallenged control. These
prawns were reared under similar conditions that were followed
during the feeding trial. The challenged prawns were checked
twice daily to observe the development of WTD  clinical signs or
any mortalities for a period of 15 days. The mortality of prawns
were recorded daily and calculated the relative percent survival
(RPS) at the end of the challenge study. The cause for mortality
of challenged prawns was  conﬁrmed by nested reverse transcrip-
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Fig. 1. Phenoloxidase activity (A) and respiratory burst (B) of Macrobrachium rosen-
2000). In general haemocytes are continuously released from the
hematopoietic tissue and are known to release phenoloxidase and
reactive oxygen species to kill the pathogens or as a defense
against the diseases (Song and Hsieh, 1994; Sung et al., 1998;
Table 1
The survival of chitin-diet fed Macrobrachium rosenbergii following challenge with
MrNV and XSV. The data is average of three different samples.
Diet (% chitin) No. of survived prawns Mortality (%) RPS (%)6 B.T.N. Kumar et al. / Aqua
ion polymerase chain reaction (nRT-PCR) according to the protocol
escribed in Sudhakaran et al. (2007). Brieﬂy, the total RNA was
xtracted from the moribund or dead prawns using TRIZOL reagent
ethod (Gibco-BRL) and the nRT-PCR was performed to conﬁrm
he WTD  in samples at the OIE Reference Laboratory for WTD, C.
bdul Hakeem College in Tamil Nadu, India.
.6. Statistics and relative percent survival (RPS)
One-way ANOVA with Tukey’s multiple comparison test was
sed to determine the signiﬁcant differences between the treat-
ent groups. Kaplan–Meier curves and log rank test were carried
ut using GraphPad Prism5 Software for survival analysis of chal-
enge experiment. RPS was calculated according to the method
escribed by Amend, 1981.
PS =
[
1 − (% mortality of chintin-diet fed group)
(% mortality in chintin-free diet fed group)
]
× 100
. Results
.1. Enhanced immune response in chitin-diet fed M.  rosenbergii
To determine the effect of chitin on the immune status of M.
osenbergii, we fed 0.5, 0.75, and 1% chitin supplemented diet
chitin-diet) and analyzed the two major immune parameters of
rustaceans, such as proPO activity and RB of hemocytes. The
roPO activating system is an efﬁcient non-self-recognition sys-
em in invertebrates that can recognize and blackens pathogens
hrough melanization reaction in the host hemolymph (Söderhäll
nd Cerenius, 1998). We  found that the activity of proPO was
igniﬁcantly increased in chitin-diet fed prawns compared to
hitin-free-diet fed ones. The highest number of proPO positive
ells (70.4%) were observed in the 0.75% chitin-diet fed group, fol-
owed by 1 (62.0%), and 0.5% (50.8%) chitin-diet fed group (Fig. 1A).
n addition, we performed NBT assay and analyzed the hemo-
ytes RB activity, which is an outcome of the release of reactive
xygen species upon stimulation in the crustacean hemolymph
Munoz et al., 2000). We  found that the chitin-diet fed prawns
ave signiﬁcant increased number of NBT-positive cells, compared
o chitin-free-diet fed prawns. The highest activity of hemocytes
B (69.0%) was recorded in 0.75% chitin-diet fed prawns, followed
y 1 (61.8%), and 0.5% (50%) chitin-diet fed group (Fig. 1B). These
esults suggest that the supplementation of chitin in diet had an
mmunostimulatory effect on the M.  rosenbergii.
.2. Increased survival of chitin-diet fed M.  rosenbergii to WTD
hallenge
Freshwater prawn is generally considered to be tolerant to dis-
ases, but WTD  was found to be responsible for severe mortalities
n larval, post-larval and juvenile stages of prawn (Sahul Hameed
nd Bonami, 2012). We  examined the RPS of chitin-diet fed prawns
ollowing intramuscular injection of MrNV and XSV in a labora-
ory challenge study. The WTD  viral inocula injected prawns shown
ethargic, poor feeding, and irregular swimming behavior, even-
ually developed a pale whitish coloration of muscle onto death.
e observed the ﬁrst mortality in chitin-free diet fed group on 2
ay post challenge (dpc) followed by 0.5, 1, and 0.75% chitin-diet
ed groups on 4, 7, and 9 dpc, respectively (Fig. 2A). However, no
ortality was observed in TN buffer injected prawns. Similarly, the
ifferent levels of chitin incorporated diet fed prawns shown a rel-
tively decreased percentage of mortality compared to the control
iet fed prawns (Table 1). The RPS following challenge with WTD
iruses was found to be signiﬁcantly higher in prawns fed with a
iet containing 0.75% chitin (63.16%) compared to the prawns fedbergii fed chitin-free and chitin containing diets (0.5, 0.75, and 1%). Each bar
represents the mean value from ﬁve determinations with standard error. Data are
signiﬁcantly (P < 0.05) different among treatments (ns: not signiﬁcant, *: signiﬁcant).
with chitin-free diet (Table 1). The moribund or dead prawns that
developed a pale whitish muscle, were examined for WTD  viruses
using nRT-PCR and conﬁrmed that the challenged prawns were
found positive for MrNV and XSV viruses (Fig. 2B). Therefore, these
results suggest that the prawns fed with chitin-diet have increased
survival and resistance to WTD  infection.
4. Discussion
Crustaceans, which lack adaptive immune system, are com-
pletely dependent on the innate immune system that respond
against antigens on the surface of potential pathogens (Vazquez
et al., 2009). Haemocytes play an important role in cellular
defense mechanisms such as phagocytosis, melanization, encap-
sulation and foreign cell lysis in crustaceans (Mats Johansson et al.,Free 11/30 63.33 0
0.5  17/30 43.33 31.58
0.75  23/30 23.33 63.16
1  21/30 30 52.63
B.T.N. Kumar et al. / Aquacultur
Fig. 2. (A) Kaplan–Meier curve showing survival of Macrobrachium rosenbergii chal-
lenged with MrNV and XSV after feeding them with chitin-free (), 0.5% chitin (),
0.75% chitin () and 1% chitin-diet () and TN buffer (), as an unchallenged control.
(B)  nRT-PCR detection of Macrobrachium rosenbergii nodavirus (MrNV) and extra
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hallenged prawns after mortality.
mith et al., 2003). The dietary administration of immunostimu-
ants to ﬁsh and crustaceans had found to enhance the immune
ystem through increased haemocytes, phagocytosis, melaniza-
ion, encapsulation, coagulation, plasma recognition proteins, SOD
nd PO activity (Moullacet al., 1998; Vargas-Albores et al., 1998;
ats Johansson et al., 2000). Among the various immunostimu-
ants, beta glucan is well-studied and reported to increase proPO
nd RB activity in shrimps and also resistance against the diseases
Vargas-Albores and Yepiz-Plascencia, 2000; Chang et al., 2003).
n some studies, the dietary supplementation of chitin has been
nown to enhance immune response, disease resistance, and sur-
ival of ﬁsh and shrimp (Sakai et al., 1992; Kawabata et al., 1996;
awakami et al., 1998; Destoumieux et al., 2000). In this view, the
resent investigation was conducted to know the effect of chitin on
he immune response and disease resistance in freshwater prawn,
.  rosenbergii.
In this study, oral administration of diet containing chitin at
.5, 0.75 and 1%was found to enhance the proPO and RB of hemo-
ytes. This could be attributed to the presence of chitin recognizing
rotein in haemolymph, which might lead to an increase in the
mmune response of M.  rosenbergii fed with chitin-diet (Cheng
nd Chen, 2001). Previously, the dietary administration of chitin,
hitosan and sodium alginate increased phenoloxidase and respi-
atory burst activities in L. vannamei (Wang and Chen, 2005; Cheng
t al., 2005). The oral administration of nucleotide and brewer’s
east were reported to increase proPO and respiratory burst activ-
ties in the freshwater prawn, M.  rosenbergii (Shankar et al., 2012;
armar et al., 2012). Additionally, the dietary administration of
erbal immunostimulants also shown increased RB and proPO
ctivities in M.  rosenbergii (Kumari et al., 2004) and Penaeus mon-
don (Citarasu et al., 2006). Furthermore, we found that 0.75% chitin
upplemented diet fed M.  rosenbergii had signiﬁcantly enhanced
mmune response and disease resistance compared to 0.5% ande Reports 2 (2015) 34–38 37
1% chitin-diet fed group. In addition, we  observed better growth
rate of prawn, fed with 0.75% chitin incorporated diet, already
reported in Naveen Kumar et al., 2013. We  presume that this could
be due to the saturation limit of digestion of chitin particles by M.
rosenbergii. This is supported by the similar observations of Anas
et al. (2005), where M. rosenbergii were fed with 0.75% and 1% chi-
tosan supplemented diet and showed high antimicrobial activity
against 48 isolates of Vibrio species.  Similarly, M. rosenbergii fed
a diet containing bovine lactoferrin had shown enhanced resis-
tance against Aeromonas hydrophila infection (Chand et al., 2006).
The injection of chitin or chitosan and dietary administration of
sodium alginate had shown increased resistance of L. vannamei
against V. alginolyticus (Wang and Chen, 2005; Cheng et al., 2005).
The dietary administration of -1,3-glucan was found to enhance
resistance against white spot syndrome virus (WSSV) in P. mon-
odon (Chang et al., 2003). In our previous studies, the nucleotide
and brewer’s yeast supplementation had displayed an increased
resistance of M. rosenbergii, against MrNV and XSV (Shankar et al.,
2012; Parmar et al., 2012). These results suggest that chitin supple-
mentation has positive effects on protecting the freshwater prawn
against pathogens through increased immune response.
5. Conclusions
This study demonstrates that the dietary administration of
chitin resulted in enhanced proPO and RB activities, and resistance
of M.  rosenbergii to WTD. The incorporation of chitin at 0.75% has
been found to be very effective in promoting immune response
of M. rosenbergii and also provides resistance to disease. Overall,
the results of this study indicates that the optimal incorporation
of chitin would serve as an immunostimulant in prawn diet and
helpful in stimulating immune response of M.  rosenbergii.
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